We present the results of a detailed investigation of the prompt and afterglow emission in the H.E.S.S. detected GRB 190829A. Swift and Fermi observations of the prompt phase of this GRB reveal two isolated sub-bursts or episodes, separated by a quiescent phase. The energetic and the spectral properties of the first episode are in stark contrast to the second. The first episode, which has a higher spectral peak ∼ 120 keV and a low isotropic energy ∼ 10 50 erg is an outlier to the Amati correlation and marginally satisfies the Yonetoku correlation. However, the energetically dominant second episode has a lower peak energy and is well consistent with both the correlations. We compared this GRB to other low luminosity GRBs. A fundamental correlation predicts a duration that makes the first episode consistent with a shock breakout. Additionally, peculiar central engine activities are observed during the afterglow phase. This includes a long-lasting flare in X-rays and optical emission that requires the central engine to be active for a long duration (∼ 10 4 s). We analyzed the late time Fermi-LAT emission that encapsulates the H.E.S.S. detection. Some of the LAT photons are likely to be associated with the source and might have inverse Compton origin as seen in previously detected TeV-GRBs. All above observational facts suggest GRB 190819A is a peculiar low luminosity GRB that is initially powered by shock breakout followed by central engine activities. Furthermore, our results show that TeV energy photons seems common in both high and low luminosity GRBs.
INTRODUCTION
The radiation mechanisms in gamma-ray bursts (GRBs) remain a highly debated topic. The afterglow phase, in general, is well explained by external shocks produced by a blastwave propagating in the circumburst medium (Kumar & Zhang 2015) . The recent detec- † vikasK2@nju.edu.cn * bbzhang@nju.edu.cn tions of GRB afterglow in TeV energies 1 by H.E.S.S. and MAGIC Cerenkov telescopes has provided new insights in this study (Abdalla et al. 2019; MAGIC Collaboration et al. 2019a; de Naurois 2019) . For example, GRB 190114C, in its multifrequency spectral energy density (SED) showed double-peaked distribution. The second peak shows a very high energy (VHE) emission in TeV energies and is explained by the synchrotron self-Comptonisation process, theoretically predicted in a standard afterglow model. (MAGIC Collaboration et al. 2019b) . GRB 180720B also showed a VHE emission at late times that could be explained by inverse Compton mechanism (Abdalla et al. 2019) . While the afterglow studies have progressed considerably, the prompt emission is still challenging to understand. The recent developments in the physical modelling of the prompt emission shows that the synchrotron could be the main emission mechanism (Oganesyan et al. 2019; Burgess et al. 2019) . However, the models where the radiation is from a photosphere are also viable (Vianello et al. 2017; Ahlgren et al. 2019) . In this context, it is important to study the prompt emission properties of the GRBs detected by H.E.S.S. and MAGIC to get a global picture and capture the diversity of these events. Studies on GRB 190114C showed multiple components in its prompt emission and a standard afterglow (Wang et al. 2019; Chand et al. 2019; Fraija et al. 2019a) . GRB 180720B showed synchrotron spectrum for prompt and a standard afterglow (Ronchi et al. 2019; Fraija et al. 2019b ). GRB 190829A is another such GRB detected by the H.E.S.S. (de Naurois 2019) at a redshift of 0.0785 (Valeev et al. 2019 ). Compared to the previously detected VHE events it has a lower luminosity. Prompt emission of low luminosity GRBs also indicates a relativistic shock breakout origin of the radiation (Nakar & Sari 2012) . Here we report the spectral and temporal analysis of the Neil Gehrels Swift Observatory and Fermi Gamma-ray Space Telescope data and multiwavelength observations of this event.
GRB 190829A triggered Fermi/Gamma-ray Burst Monitor (GBM) at 2019-08-29 19:55:53.13 UTC (T 0 Lesage et al. 2019) and Swift/Burst Alert Telescope (BAT) at 19:56:44.60 UTC (Lien et al. 2019) . The Swift/X-ray telescope (XRT) observed the GRB from 97.3 s after the BAT trigger time and refined the location to RA (J2000): 02h 58m 10.57s and DEC (J2000): -08d 57 28.6" ). H.E.S.S. detected TeV signal 4.2 hrs after the prompt emission in a direction consistent with this location. In a multiwavelength observation campaign, GRB 190829A was followed by several optical, NIR and radio telescopes 2 (See Appendix B for details). During the prompt emission, both Fermi and Swift detected two episodes, the first episode starting from T 0 to T 0 + 4 s followed by a brighter episode from T 0 + 47.1 s to T 0 + 61.4 s. The spectrum of the first episode in the Fermi data is best described by a powerlaw with an exponential highenergy cutoff function having an index of -1.41 ± 0.08, 2 https://gcn.gsfc.nasa.gov/other/190829A.gcn3 and a cutoff energy corresponding to a peak energy, E p = 130 ± 20 keV. Whereas the second episode is best fit by a Band function (Band et al. 1993 ) with E p = 11 ± 1 keV, α = -0.92 ± 0.62 and β = -2.51 ± 0.01. The observed fluence is 1.27 ± 0.02 × 10 −5 erg cm −2 in the 10 -1000 keV band with the episodes combined (Lesage et al. 2019 ). These preliminary spectral results show different nature of the episodes.
THE PECULIAR NATURE OF THE EPISODES

Light curve and spectrum
In Figure 1 , we have shown the light curves of the prompt emission phase in a wide energy band -8 -900 keV of NaI, 0.3 -1 MeV of BGO. The GRB appears to have a softer spectrum as can be inferred from the low signal of the BGO light curve. To apprehend it further, we plotted hardness ratio (H/S) in two bands of NaI light curve, where the harder band is 50 -300 keV and the softer band is 8 -50 keV. We note that the first episode has comparable count rates in these two energy bands, while the second episode has a much higher rate in the softer band implying a relatively softer nature of this episode. This is also reflected in the time integrated spectrum of the individual episodes. Spectral analysis shows that the first episode can be modeled by a powerlaw (index α) with an exponential cutoff, where the cutoff energy (E c ) can be re-parameterized in terms of peak energy E p = (2+α) E c . The second episode when modeled with a simple powerlaw has a steeper spectral index. The properties calculated from spectral parameters for the two episodes are reported in Table 1 . We resolved the 8 -900 keV light curve into smaller bins based on signal to noise ratio (SNR) to study the spectral evolution. We created a total of 21 spectra: 5 (SNR = 15) and 16 (SNR = 30) for the first and the second episode, respectively. The cutoff is also preferred in the time-resolved analysis based on the BIC values, see Table 2 in Appendix. We also see that the spectrum softens with time. The spectral index is < −2/3 (within the synchrotron slow cooling limit), and therefore the emission of the first episode can have a non-thermal origin. The spectra of the second episode are best fitted by a powerlaw function with indices < -2. The index is plausible to be related to the higher energy powerlaw of the Band function. When modeled with the Band function, the peak energies are found to be near the lower edge of the Fermi spectral window, and hence are probably unphysical. This is also reflected in the sporadically changing α which remained unconstrained throughout, see Table 2 .
Amati and Yonetoku correlations
The peak energy of GRBs in the cosmological rest frame (E p,z ) is correlated to the isotropic equivalent energy (E γ,iso ) and isotropic peak luminosity (L γ,iso ) in the γ-ray band, see Amati (2006) ; Yonetoku et al. (2004) . Amati correlation is also valid for pulse-wise sample of GRBs (Basak & Rao 2013 ) GRB 980425B, GRB 031203A, and GRB 171205A do not satisfy the Amati correlation. GRB 061021 is a renowned outlier to both the correlations (Nava et al. 2012 ). These correlations have been used to classify individual episodes in GRBs with long quiescent phases (Zhang et al. 2018a ). We consider these correlations for GRB 190829A, in its two episodes of activity. To check whether the Amati correlation is also followed by individual episodes of twoepisode GRBs with a quiescent phase, we chose the sample of 101 GRBs from Lan et al. (2018) . Among these, there are 11 GRBs with known redshift are plotted in Figure 2 (a & b) . For the rest, the redshift is varied from 0.1 to 10 and their tracks in the correlation plane are studied. Interestingly, all the individual episodes fall within 3σ intrinsic dispersion of the corresponding correlations (see Appendix A for the tracks). But, the first hard-episode of GRB 190829A is an outlier to the Amati correlation and marginally satisfies the Yonetoku correlation.
Hardness ratio (HR) vs T 90 , Spectral lag
Short GRBs do not follow the same trend in the Amati correlation as the long GRBs. Here we investigate the intriguing possibility that the two episodes of GRB 190829A show the properties of the two classes of GRBs. In Figure 2 (c), we show the position of the two episodes in the Amati correlation plane of short and long GRB population (Zhang et al. 2018b ). Interestingly, the first episode lies with the short GRB population. Classification of long and short GRBs is conventionally studied using their distribution in the hardness-duration plane. The duration, T 90 , is calculated by the time period when 5 % to 95 % of the total photon fluence is accumulated. We obtained the episode-wise time integrated HR by dividing the counts in 10 -50 keV and 50 -300 keV energy bands to make a comparison with other Fermi GRBs also used in Goldstein et al. (2017) . The errors in T 90 and HR are calculated by simulating 10,000 lightcurves by adding a Poissonian noise with the mean values at observed errors (Narayana Bhat et al. 2016 ). The T 90 and HR values for GRB 190829A are presented in Table 1 . In Figure 2(d) , we show the HR-T 90 diagram of the twoepisode GRBs, with each episode considered separately. The probabilities of a GRB classified as a short or long GRB from the Gaussian mixture model in the logarithmic scale are also shown in the background (taken from Goldstein et al. 2017) . We note that all these data are clustered towards the long GRB category. The probability of the first episode being associated with long GRB properties is ∼ 87%.
Long GRBs show soft lag where the light curve in low energy band lags behind the lightcurve in high energy band (Fenimore et al. 1995) , however, many short GRBs do not show statistically significant lag (Bernardini et al. 2015) . We calculate the spectral lags for GRB 190829A using the discrete cross-correlation function (DCCF) as 10 48 10 49 10 50 10 51 10 52 10 53 10 54 10 55 E iso (erg) The spectral hardness and duration T90 for the two-episode GRBs shown along with the data points for short and long GRBs used in Goldstein et al. (2017) . Gold squares and yellow diamonds represent the first and second episodes of GRBs with known redshifts, respectively. The color scale represents the probability of a GRB being short (black) or long (grey).
defined in Band (1997) . The peak of the observed CCF versus spectral lag is found by fitting an asymmetric Gaussian function (Bernardini et al. 2015) . The lags are calculated between 150 -300 keV and the lower energy bands. The upper value of energy is restricted to 300 keV because the signal above this energy is consistent with the background. We chose lightcurves of different resolutions (4, 8, and 16 ms) and the maximum correlation is obtained for 8 ms. The lags with energy bands and maximum value of correlations are reported in Table 1. A positive lag is obtained for both the episodes and it is consistent with the soft lags generally seen in long GRBs. We analysed LAT data up to 5 × 10 4 s after the GBM trigger time, see Figure 3 . We obtained an upper limit on photon flux of 2.81 × 10 −7 photons cm −2 s −1 in 100 MeV -300 GeV. The LAT has registered no photons during the GBM observation, which is consistent with the extrapolated Comptonized spectrum peaking at ∼ 114 keV (See Table 1 ). During the H.E.S.S. observation which started 4.2 hrs after the prompt emission, only three photons are observed in LAT above 100 MeV with probability > 90% of their association with the source, though more photons are observed with > 50% probability.
To investigate the origin of the LAT photons, we calculated the maximum photon energy radiated by the synchrotron process during the deceleration phase (Fraija et al. 2019a ). The red-dashed line represents the 
X-rays and Optical observations
The combined multiwavelenghth lightcurves are shown in the Figure 4 . The details of multiwavelength observations are given in Appendix B. We divide the XRT flux lightcurve into five phases (numbered I to V) based on its evolution. The initial emission in the X-rays shows different decay behaviour in flux and flux density (@ 10 keV). The flux decays with an index ∼ 3 while the flux density (@ 10 keV) shows a sporadic behaviour in the beginning. This is also reflected in our joint analysis of XRT and BAT data for phase I where we found that the spectrum could be described by a cutoff powerlaw model. The spectral index as shown in the lower panel is also varying fast during phase I. A strong flare is also present in both X-rays, Swift-UVOT and optical light curves beginning from ∼ 600 s . We have modeled the X-rays in phase I by a powerlaw, III and IV by a powerlaw with a smooth break. The measured temporal and spectral parameters of the XRT light curve fitting are shown in Table 3 & 2.
The external shock models predict certain closure relations between the spectral and temporal index in various regimes (cooling, density regimes, or an injection from the central engine). These relations present tests without delving into details of the models (e.g., Zhang & Mészáros 2004; Gao et al. 2013) . Using the conventional notation, F ν ∝ t −α ν −β , we obtained α X , β X for GRB 190829A afterglow in the X-ray bands. In Table 3 , we present the indices of the flux and flux density (@ 10 keV) for the segments of the lightcurve. We particularly analyse segments III (flare) and IV (jet break) regions in detail, starting with phase IV (See Appendix B) . The X-ray afterglows in segment IV is consistent with a jetbreak. The optical afterglow should also have an achromatic break during this segment. However, the UVOT data in this phase is possibly dominated by the contribution from the host. The observation in the i-band shows the rising part of a supernova (Perley & Cockeram 2019) contemporaneous with the break t b . This makes it difficult to find any break in the optical light curve. We estimate the half jet opening angle 3 using the jet break time and E γ,iso (Sari et al. 1999; Frail et al. 2001) . For typical values of η = 0.1 and n = 1 (Racusin et al. 2009; Wang et al. 2018) , we found the half jetopening angle is 0.241 rad (∼ 14 degree) at jet break time t j = t b = 1.67 × 10 5 s.
X-ray flares: Other than the two episodes dectected in the prompt emission we observed flaring activities in the X-ray afterglows. Most prominent among these is phase III. The initial decaying phase (I) has a cutoff in the spectrum. The spectral index (plotted in second panel of Figure 4 (b) varies fast during phase I and II and therefore, are flare-like activities. Episode III is a larger flare with a fast rise and decays with an index of ∼ 2. We discuss two scenarios for the origin of this flare: (a) Late time central-engine activity: Giant flares have been detected in X-rays and are associated to the central engine activity (Falcone et al. 2006; Dai & Liu 2012; Gibson et al. 2017 ). These flares are superimposed on the underlying afterglow emission. The initial low energy cut-off and the shallower decay of the flux (0.3 -10 keV) as compared to the flux density (@ 10 keV) at late times hints more energy injection at lower energies. We, there- , where θ j is the jet half-opening angle, z is the redshift of the burst, t j is jet break time, n is the circumburst density and η is radiative efficiency. 
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Time since T 0 (s) The hardness ratio (H/S) is shown in the lower panel of this figure which reflects the comparative strength of the signal in these two bands. This uncovers plateau phase before the flare in H-band. The peak rate of the flare begining at ∼ 1000s is ∼ 5.8 times higher in comparison to the plateau phase. We model the overall light curve using a combination of broken powerlaw (BPL) for the underlying afterglow and Norris model 4 for the flare.
where A is pulse amplitude, τ 1 , τ 2 are rise and decay time of the pulse respectively and t i is the start time. The fit parameters are A = 5.6 ± 0.2, τ 1 = 161 +61 −46 , τ 2 = 2742 +250 −280 and t i = 909 +33 −41 .
We calculate the pulse width 5 (w) and asymmetry of the pulse using the measured values of pulse rise and decay time and find that w is 3848 sec and asymmetry k using the relation (k = τ 2 /w) is 0.71. We calculated the istropic X-ray energy E X,iso of the flaring phase to be 4.49 × 10 49 erg. (b) Reverse-shock emission: The origin of flared emission can also be due to the reverse shock propagation into the ejecta medium (Kobayashi et al. 2007; Fraija et al. 2017 ). Since the X-ray flare is much delayed from the prompt phase, the reverse shock occurs in thin shell. The predicted temporal index for reverse shock SSC emission before the peak is α X = 5(1 − p)/4 and after the peak is α X = (3p + 1)/3. Using the ob-served values for phase III, we estimate p = 3.64 +0.04 −0.09 and p = 1.47 ± 0.05 before and after the peak, respectively. Clearly, the reverse shock SSC emission is not a consistent interpretation. Moreover flux density (@ 10 keV) also shows rebrightening in phase V, which might be due to a late shock crossover.
SUMMARY AND DISCUSSION
We highlighted the unusual spectral features of episodic activities in GRB 190829A from the prompt emission to afterglows. We found that Amati and Yonetoku relations are satisfied for GRBs with multiple episodes separated by quiescent phases. But, the first episode of GRB 190829A is the only outlier. It also does not satisfy the pulse-wise Amati correlation known for well-separated individual pulses of GRBs (Basak & Rao 2013) . In hardness-duration diagram and spectrallags this GRB emission is consistent with long GRBs (Narayana Bhat et al. 2016; Goldstein et al. 2017) .
Low-luminosity GRBs are not compatible with Amati correlation. Low luminosity jets are considered to be the unsuccessful jets. The radiation is powered by shock breakout and the energetic satisfy a fundamental correlation T 90 ∼ 20 s (1+z) −1.68 Eγ,iso 10 46 erg 1/2 Ep 50 keV −2.68 (Nakar & Sari 2012) . For the parameters of the first episode which lies outside the Amati plane, E γ,iso ∼ 3.2 × 10 49 erg and E p ∼ 120 keV, and z = 0.0785, the predicted shock break-out duration is ∼ 9.5 s which is similar to T 90 or the duration of the episode taken for spectral analysis (∼ 8.7 s). This is a favourable evidence for the shock breakout interpretation of this episode. For the second episode considering E p of 10 keV, the predicted T 90 is > 18135 s. This is much larger than the observed value of 10.4 s. A shock break out interpretation would raise the upper limit of the Shock breakout luminosity ∼10 times of the previous limit of 10 48 erg s −1 (Zhang et al. 2012 ).
In late time LAT emission, there are hints of inverse Compton component, which is also supported by the H.E.S.S. detection. The X-ray observations during the flare emission, which occurs after 1000 s, cannot be explained by the reverse shock SSC temporal relations (Kobayashi et al. 2007; Fraija et al. 2017) . The timeaveraged γ-ray luminosity for GRB 190829A is one order of magnitude above the threshold for internal engine activity (∼ 10 48 erg s −1 ), which disfavours shock-breakout origin (Zhang et al. 2012) . The jet opening angle for this GRB is ∼ 14 • , which is larger than the typical observed values (Wang et al. 2018) . Given the detection in TeV band, it is likely that the viewing angle is closer to the jet axis, as larger viewing angles may not provide the sufficient Doppler boosting. This implies the faintness of GRB episodes is intrinsic rather than the effect of viewing angle. The early signature of an emerging supernova emission in optical i-band, as shown in Figure 4(a) , further supports this hypothesis. However, a deeper understanding would require incorporating a detailed modelling of the source, including the H.E.S.S. observation and the study of the associated supernova.
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A. TWO PHASE GRBS WITH REDSHIFT DETECTION
For the sample of GRBs with two episodes as reported in Lan et al. (2018) , 11 have measured redshift 6 . We extracted the spectrum using the same criteria as described in B and performed time integrated analysis for each episode. We fit COMP and Band models to the background subtracted spectral data and compared the models using BIC. For studying correlations, we calculated the flux within the energy range specified by 1/1+z keV to 10/1+z MeV and computed the E iso and L iso . For other GRBs in the sample, spectral properties of each episodes are well constrained but there is no redshift estimate. Here we calculated the E iso and L iso values by varying redshift ranging from 0.01 to 10 shown by continuous tracks in Figure 5 . We assume following cosmology parameters Hubble parameter, H 0 = 71 km s −1 Mpc −1 , total matter density, Ω M = 0.27, and dark energy density, Ω Λ = 0.73. 10 48 10 49 10 50 10 51 10 52 10 53 10 54 10 55 E iso (erg) Figure 5 . Correlations for two episode GRBs: Same as Figure 2 . Tracks for all the GRBs without redshift are shown. BAT + GBM data-point is shown for episode 1. For episode 2, α is considered for the slow cooling limit.
B. MULTIWAVELENGTH DATA
Fermi-GBM data: In our analysis, we identified NaI detector number 6 and 7 (n6 and n7) based on count rates and with observing angles < 50 • to the source position. The angle constraints are to avoid the systematics arising due to uncertainty in the response at larger angles. Among the BGO detectors, BGO 1 (b1) is selected as it is closer to the direction of the GRB. The time-tagged event (TTE) data was reduced using Fermi Science Tools software gtburst 7 . We used XSPEC (Arnaud 1996) to model the spectrum. The Bayesian information criteria (BIC) is calculated for
